Abstract-Thesis examination is one of the requirements to complete a graduation course. At the Department of Informatics Engineering Universitas Surabaya, thesis examination begins with organizing the exam timetable to determine the time, examiner, and room by using traditional scheduling system. The disadvantage of the system is that the process takes a relatively long time, which is influenced by factors such as the lecturer's work schedule and the availability of the room. Program coordinator responsible for the organization of the thesis timetable must perform a thorough analysis so that the schedule does not clash with the teaching schedule and the availability of the room. In addition, the number of lecturers as examiner between one and the other has to be distributed equally. To facilitate the program coordinator, a web-based system using genetic algorithm was developed for the efficiency of thesis examination timetabling. Testing and evaluation process are conducted by taking a random respondent in accordance with the user category. The results show that the system developed can improve the efficiency of time, effort, and cost.
I. INTRODUCTION
Thesis is a scientific paper that is made in accordance with the scientific field with the direction of the supervisor as one of the requirements to complete studies in higher education [1] . The results of the thesis will be assessed in front of 4 examiners [2] . Students can take a thesis exam at least 3 months after the submission. Prior to 2011, the department of Informatics Engineering University of Surabaya (Ubaya) opened a thesis exam 5 times each year. This is one of the reasons for the long duration of the student's thesis work because they cannot take the thesis exam even though it is finished. To overcome this, the Informatics Engineering department opens thesis examination schedule on average 10 times each year.
The thesis exam begins with the preparation of the exam schedule which starts with the administrator announcing the thesis exam schedule via a notice board and e-mail to all students who are taking a thesis. Then, the administrator distributes the exam readiness form to the lecturers. Three days later, the administrator will collect the exam readiness form from all lecturers. After that, the administrator will open the exam schedule & room based on the exam readiness form and the availability of room. Lastly, the program coordinator will create examination timetable by determine the examiner according to the exam readiness form between 4 lecturers, the suitability of the scientific field of each lecturer, and the equal distribution of the number of students examined. Scheduling is the process of allocating resources that aims for a set of tasks to be selected within a certain time frame [3] .
A lot of research has been done related to thesis examination timetabling. To overcome the problems related to the preparation of the seminars and thesis examination timetabling in Unikom, Wibawa and Fachrizal in his research has developed an application. The timetabling criteria used are room availability, and time availability from supervisors and candidate examiners [4] . The results of the study indicate that the applications developed can avoid clash of lecturer schedules [4] . The same problem is experienced by Politeknik Negri Malang and STMIK STIKOM Indonesia. A study was developed by Cahyo, Rozi, and Ariyanto to overcome the problems at the Politeknik Negri Malang. The limitation imposed are that the supervisor is not allowed to test the guided student, one of the supervisors must be present when the student who is being guided takes the thesis examination, the examiner lecturer may not test in another room at the same session, and the availability of the room [5] . The results showed that timetabling had met the existing criteria. Whereas to overcome the problems that exist in STMIK STIKOM Indonesia, Budayasa and Dirgayusari develop a scheduling application so that there are no clashes of room and examiners [6] .
All research on the existing thesis exam timetabling only uses the criteria of room availability, time availability from the supervisor lecturer and candidate examiners, and avoids any clash of schedules both from the lecturer and the room. There are other criteria that should be taken into account in the thesis exam timetabling as required by the Indonesian government which is not taken into account in the existing research, specifically the minimum requirements for functional positions and the number of examiners [7] . In addition, the existing research also does not take into account the equal distribution of the number of students examined by each lecturer. Therefore, a study was developed on the thesis exam timetabling that added these three criteria.
II. METHODOLOGY
The process of collecting data is done in several steps including observation, interviews to some respondents and taking data from the traditional system of thesis timetabling.
Observation is conducted to get ideas and information related to timetabling system at the department of Informatics Engineering. In addition, interviews with respondents related with the system are also conducted to collect information about problems that arise during timetabling. Respondents for interviews include heads of departments, program coordinators, and administrators who have been managing the thesis examination.
The system is developed using genetic algorithm. The genetic algorithm is an optimization technique based on the principle of natural selection and genetics. This algorithm is a simple and relatively easy to implement [6] . According to Huynh et al., Genetic algorithms have good convergence behavior to solve scheduling problems [8] .
III. SYSTEM IMPLEMENTATION
The thesis examination timetabling system is designed to not only meet the needs of the Informatics Engineering department Ubaya, but also to be easy to develop.
A. Data Design
The first design to do is data design. The data for the thesis examination timetabling is designed to integrate with the Academic Information System (SIA) central database owned by UBAYA. This is intended to avoid the occurrence of data redundancy and inconsistency. However, since the scheduling procedure of thesis examination of each study program in Universitas Surabaya varies, not all the required data is available in the central database. The University's SIA database is only used to manage data related to the academic activities of all existing courses at UBAYA which have been standardized equally for all courses.
The data required for the timetabling system taken from the University's SIA database are mahasiswa to store the list of courses taken by students each semester including thesis. The skripsikp and skripsikppembimbing tables are used to store thesis and apprentice data from students including their supervisors. While notaupp, and notauppdetail used to store tuition fees (UPP) payment data which has been done by the students. The pe_rwtpendidikan table is used to store lecturer's education history data. This table is used to find out whether a lecturer eligible of examining thesis or whether it is in accordance with the rules of the Higher Education Service. The pe_rwtstruktural table is used to determine the lecturer's position related to the rights determination of the system access. The data design for the thesis examination timetable system is described in the form of Entity Relationship Diagram (ERD) which can be seen in Figure 1 . Entities representing tables from the University's SIA database are not depicted as a whole in Figure 1 , only entities that are directly connected with the additional entity are depicted in Figure 1 . The attributes on the mahasiswa and karyawan entity shown in Figure 1 are the required attributes in the thesis examination timetabling system. Periode and DetailPeriode entities are used to store data during the period of thesis exams examination, which includes the period of registration of thesis exam preparation (LSTA), LSTA period, registration and prerequisite file collection period, thesis examination period, and period of thesis revision in accordance with examiner input during thesis examination. JadwalAkhir entity is used to store the student thesis examination schedule conducted in the current active exam period and has been verified by the program coordinator. Students that are eligible to take the thesis examination are students who have received approval from the supervisors and meet all requirements. Approval from the supervisor is stored in the PersetujuanDosen entity and all administrative requirements of the student applying for the thesis exam are stored in the Administrasi entity.
The developed system will automatically attempt to determine which examiners can examine at specified exam time slots and have expertise according to the student thesis topic. The lecturer's time availability slot provided to test the thesis is stored in the entity of the JadwalDosen and expertise owned by each lecturer stored in the BidangIlmu entity. This entity is required for the scheduling time, the system will automatically as much as possible to find examiners who have expertise in accordance with the thesis topic. The room used for the thesis examination is stored in SettingRuangUjian entity. Finally, Komentar is used to store comments include criticisms and suggestions from students and responses from examiners.
B. Implementation of Genetic Algorithm
After the data design is completed, then the design process of the thesis examination timetabling is prepared. The process of the thesis exam timetabling starts from setting the thesis exam period and the room that can be used for the thesis exam by the administrator after getting information from the program coordinator. After the administrator has opened the thesis exam registration, the system will automatically notify by email to all students who are taking the thesis and to all the lecturers to fill the exam readiness form.
Students who have finished their thesis can register for a thesis exam followed by uploading all the requested administrative requirements. When a student registers, the system will automatically check the student's tuition payments. If the student has not completed the tuition fee, then the system will automatically refuse the student registration. Furthermore, the system will send notifications to the corresponding supervisors if there are any registered students. The supervisor who gets a notification can approve or reject the students to take the thesis exam if the supervisor feels the student is not yet eligible for the exam. If the supervisor does not approve, then the system will send notification to the student. After the deadline for registration is reached, the administrator will check all the administrative requirements of the student who gets approval from his / her supervisor. Afterwards, the administrator will verify the student who meets the administrative requirements and the system will automatically send notifications to the student. Finally, the system will automatically generate thesis examination timetable with genetic algorithms. The program coordinator is authorized to make changes to the thesis exam schedule generated by the system if needed. The flow of the thesis examination process can be seen in Figure 2 . The thesis exam timetabling process begins with the exam time and room available according to the schedule of both supervisors. This is done by randomizing the exam readiness from the supervisors. The results of this randomization are combined with empty exam room dates and hours. Each slot formed represents a chromosome. Once the chromosome is formed, then the selection process is conducted. The selection process is done to determine which chromosome will be used as the parent. In the selection process, the system will give the fitness value on each chromosome. The amount of fitness value depends on the number of scheduled clashes. The clash was calculated from the unavailability of the exam room because it is already being used and the supervisor is already examine at the same time in another room. The greater the number of clashes that occur, the smaller the fitness value and the less likely the chromosome becomes the parent. The fitness value is calculated from the formula: 1/((number of clashes)+1). The chromosome chosen to be the parent is 2 pieces of chromosome that has the highest fitness value. After the selection process is done, then do crossover between two parent chromosomes and produce new chromosomes. The new chromosome guarantees no clash in the use of exam room.
Mutation is done after the selection process. The mutation process is used to improve the fitness value of a gene on a chromosome. Changes in gene values can occur if the gene does not have the id of the exam room so that the system will look for another exam room id that has the same schedule as the availability schedule of the lecturer. Next, the determination of the chair and secretary of the thesis examiner is conducted. Selection of examiners who become chairman and secretary adjusted to the field of science of the thesis topic. After the candidate chairman and secretary selected, the system will match the availability schedule the selected candidate with the thesis examination schedule obtained from the previous process.
The final stage of this process is to determine the number of lecturers as examiners. Eligible candidates are selected based on the minimum number of exam schedules. After determining the chairman and secretary, the proposed thesis examination timetable is formed. Finally, the process of verifying the proposed thesis exam schedule formed by the program coordinator. A verified schedule can not be changed. The flow of thesis examination timetable preparation process can be seen in Figure 3 . 
IV. RESULTS
The design of data that has been made is implemented using phpmyadmin while the design of the process is webbased implemented using the laravel 5.2 framework. An example of the result of the implementation of the thesis exam period setting can be seen in Figure 4 . On this page the administrator can set the deadline for each activity stage to take the thesis exam in accordance with the data from the program coordinator. While the example of the page to be filled with the availability of lecturers to examine the thesis can be seen in Figure 5 . After the registration and file collection expires, the administrator will check the administrative requirements of students who have received approval from the supervisors. If all administrative requirements are met, the administrator will verify the student's data. An example of a verification page can be seen in Figure 6 . While the sample timetable results can be seen in Figure 7 . Figure 7 shows the schedule of 4 students generated by the thesis examination timetable system using genetic algorithm. To ensure that the timetabling system of thesis examination that are made is in accordance with the needs of users, then validation is done. Validation is done in 2 ways, i.e comparing the results of theses scheduling exams ever done traditionally with scheduling results generated automatically from timetabling system and conducting interviews with user application respondents [9] . The first validation is done by comparing the result of traditional scheduling of thesis exam in Informatics Engineering Study Program September 2016 and November 2016 perios with result from web-based system. The results of traditional thesis timetabling in Informatics Engineering Program September 2016 period can be seen in Figure 8 and the results of traditional timetabling for November 2016 can be seen in Figure 9 . While the timetabling results of the webbased system of September 2016 period can be seen in Figure 10 and the timetabling results of the application period of November 2016 can be seen in Figure 11 . The second validation is done by asking respondents to try the web-based system that has been made in accordance with their respective permissions and then interviewed related to the benefits and problems surrounding the execution of the thesis exam. Respondents consist of administrators, 10 students who will take the thesis exam, 2 program coordinators, and 5 lecturers. Particularly the program coordinator, in addition to attempting web-based systems and interviews, was also asked his opinion regarding the results of traditional scheduling and webbased systems because these two types of respondents usually handle traditional thesis exam timetabling. The validation result states that the students are greatly helped by the registration feature because they do not need to come directly to the department to register or request approval to take the exam to the supervisor, so they can save the time. The administrator is helped because there is no need to spread the exam readiness form one by one to the lecturers so that it can save costs, no need to schedule time and exam room so that it can save time and effort, and can immediately check the completeness of student requirements without needing to find the file first so it can save energy. Moreover, program coordinators are helped because no need to do the traditional timetabling. The lecturers are helped because they can fill in the form of schedule availability and give approval to take the thesis exam anywhere and anytime.
After comparing the results of traditional scheduling and web-based systems, the program coordinator stated that the scheduled results that have been developed already meet the timetabling criteria. In addition, this system it is very useful to avoid the occurrence of timetabling errors like the same 2 lecturers assigned to examine 2 different students at the same time or errors in taking into account the requirements of the Higher Education Service.
V. CONCLUSIONS AND RECOMMENDATION
A web-based thesis exams timetabling system was developed to help alleviate the task of the program coordinator in drafting a thesis exam timetable that usually takes a lot of time for having to do a lot of checking [9] . The web-based system developed can generate a thesis exam timetable proposal automatically by taking into account all the requirements set in the department of Informatics Engineering Ubaya. The requirements set in the preparation of the thesis examination in Informatics Engineering Ubaya are the availability of room, the schedule provided by the lecturer, the minimum requirements for functional positions that must be possessed by the examining lecturer, the number of examiners, the suitability of the scientific field of examiners with the thesis topic of the students tested and the equalization of the number of student being examined for every lecturer.
For students, the application is useful to improve the efficiency of time in the process of submission to take the thesis exam. Students do not need to come to the study program to seek supervisory approval, to submit the thesis exam requirements file, or to see announcements related to thesis exam timetable. In addition, the application is also useful for administrators to improve the efficiency of time and energy, because they no longer need to distribute lecturers' exam readiness form to each lecturer, no need to schedule time and exam room, and can directly check the completeness of the student requirements file without the need to search the file. The lecturers are also helped because there is no need to be pursued by students who want to get approval for thesis exams and can fill out the lecturers' exam readiness form and give their approval to take the thesis exam anywhere and anytime. Therefore, it can be concluded that the system developed can improve the efficiency of time, effort, and cost from various parties. For the future, applications can be developed in the direction of mobile so that it suits the current conditions, in which almost everyone has mobile devices.
